Introduction
============

Ocular complications of atopic dermatitis (AD) include blepharitis, keratoconjunctivitis, keratoconus, iritis, cataract, and retinal detachment.[@b1-opth-9-1129] Among these, retinal detachment is the severest complication that affects the younger population and significantly impairs their quality of life. Previous single center[@b2-opth-9-1129] or multicenter[@b3-opth-9-1129],[@b4-opth-9-1129] retrospective studies declared the presence of a large number of retinal detachment patients with AD and increase in retinal detachment patients with AD until 1993.[@b2-opth-9-1129],[@b4-opth-9-1129] The increase in retinal detachment patients with AD was attributed to the marked increase in severely involved AD patients in late 1980s.[@b5-opth-9-1129]--[@b7-opth-9-1129] However, no further detailed studies for retinal detachment with AD has been reported after 2000s. Thus, the current status of retinal detachment with AD is unknown.

The prevalence of adolescent AD markedly increased from 1967 to 1996 in Japan.[@b8-opth-9-1129] After 2000, AD therapies improved by introduction of new therapeutic tools including the topical and systemic calcineurin inhibitors, and new therapeutic strategy: proactive therapies with topical calcineurin inhibitors and/or corticosteroids. Improvement of AD therapies decreased the prevalence of AD in 2006 compared with that in 1993.[@b9-opth-9-1129] In Japan, topical tacrolimus therapy is approved as an effective and well-tolerated treatment option for patients with AD.[@b10-opth-9-1129] These recent changes in AD therapies might influence the prevalence of retinal detachment with AD. Therefore, ophthalmologists as well as dermatologists have great interest to the new trend in retinal detachment associated with AD. Herein, we report changes in surgically treated retinal detachment in Mie University Hospital, Mie, Japan, for these 20 years.

Patients and methods
====================

The present study adhered to the tenets of the Declaration of Helsinki, and was approved by the Institutional Review Board of the Mie University Graduate School of Medicine (\#2619). We retrospectively reviewed the records of 1,533 consecutive patients including AD patients with rhegmatogenous retinal detachment, who underwent retinal detachment surgery at Mie University Hospital during a 20-year period that ranged from January 1992 to December 2011. The data set examined included patient's age, sex, affected eye, preoperative and postoperative best-corrected visual acuity, type of breaks, preoperative lens status, macula and the ciliary epithelium status, and the surgical results. We also reviewed the records of new AD outpatients consulted to the dermatology clinic at Mie University Hospital from 1993 to 2011 except 1998.

Cases with retinal detachments were divided into two groups: retinal detachments with AD (AD group) and without AD (non-AD group). Subsequently, the AD group was divided into two subgroups: patients group surgically treated former 10 years of the study period: from 1992 to 2001 (former AD group) and another group treated in recent 10 years from 2002 to 2011 (recent AD group). We also analyzed the annual changes in the number of retinal detachments with AD and the total retinal detachments ([Figure 1A and B](#f1-opth-9-1129){ref-type="fig"}). The number of the first visit AD outpatients to the dermatology clinic was also described in [Figure 1C](#f1-opth-9-1129){ref-type="fig"}.

Data were analyzed between the AD and non-AD groups, or between the former AD and recent AD groups. With the exception of patient's age, all preoperative characteristics and reattachment rate were statistically analyzed using either a chi-square test or a Fisher's exact probability test. A Mann--Whitney *U*-test was used for analyses of the patient's age and visual acuity. Differences were considered as significant when the probability of their occurrence by chance was less than 5%.

Results
=======

Difference between the AD group and the non-AD group
----------------------------------------------------

The characteristic differences between the two groups (AD group and non-AD group) are as shown in [Table 1](#t1-opth-9-1129){ref-type="table"}. The ratio of the bilateral detachment cases was significantly higher in the AD group than that in the non-AD group (*P*=0.0011). Patients in the AD group were significantly younger than those in the non-AD group (*P*\<0.0001). The breaks were more frequently observed in the peripheral ocular fundus in the AD group compared with the non-AD group (*P*\<0.0001). A greater number of eyes had macular detachments before surgery in the non-AD vs the AD group (*P*=0.0052). Ciliary epithelium detachment developed more frequently in the AD vs the non-AD group (*P*\<0.0001). Although the reattachment rate after the first surgery in the AD group (76.2%, 77/101) appeared to be a little worse than that in the non-AD group (81.5%, 1,257/1,542), the difference in the rate of anatomical success was not statistically significant (*P*=0.2364). Final reattachment rate in the AD group (98.0%, 99/101) was almost the same as that in the non-AD group (98.1%, 1,513/1,542) (*P*=0.7157). In spite of no significant difference in the preoperative best-corrected visual acuity between the two groups, the postoperative best-corrected visual acuity was significantly better in the AD group compared with the non-AD group (*P*=0.0002; [Table 2](#t2-opth-9-1129){ref-type="table"}). In the AD group, 51 eyes had cataract before retinal detachment surgery, and the 23 eyes out of the 51 eyes underwent cataract surgery during retinal detachment surgery.

Difference between the former and recent AD groups
--------------------------------------------------

The characteristic differences between the two groups (former AD group and recent AD group) are as shown in [Table 3](#t3-opth-9-1129){ref-type="table"}. The bilateral detachment percentage was significantly higher in the former AD group than that in the recent AD group (*P*=0.0002). Patients in the recent AD group were significantly older than those in the former AD group (*P*=0.0084). No significant difference was identified between the groups for the type of break, lens status, macular status, or rate of ciliary epithelial detachment. The ratio of the retinal detachment with AD for the total retinal detachment was significantly lower in the recent AD group compared with the former AD group (*P*=0.0038). Although the reattachment rate after the first surgery in the former AD group (73.0%, 46/63) appeared to be a little worse than that in the recent AD group (81.6%, 31/38), the difference in the rate of anatomical success was not statistically significant (*P*=0.4589). Final reattachment rate in the former AD group (98.4%, 62/63) was almost the same as that in the recent AD group (97.4%, 37/38) (*P*\>0.9999). The functional outcome, including preoperative best-corrected visual acuity and postoperative best-corrected visual acuity, showed no statistical difference between the former and recent AD groups ([Table 4](#t4-opth-9-1129){ref-type="table"}).

Annual changes in the number of surgically treated retinal detachments with AD
------------------------------------------------------------------------------

The number of retinal detachments with AD and the total number of retinal detachments are described in [Figure 1](#f1-opth-9-1129){ref-type="fig"}. No apparent change was observed in the annual number of the total retinal detachments for these 20 years ([Figure 1B](#f1-opth-9-1129){ref-type="fig"}). In contrast, the number of retinal detachments with AD rapidly increased from 1992 to 1995 and continued until 2001 ([Figure 1A](#f1-opth-9-1129){ref-type="fig"}). After 2001, it decreased gradually. Especially, no retinal detachment with AD was treated in 2010. Because of no apparent change in total retinal detachments, the rate of retinal detachment with AD in the total retinal detachment also increased from 1992, and it tapered in 2000s (data not shown).

### First visit AD patients

The number of new AD outpatients in our dermatology clinic linearly decreased in these 19 years (153 cases in 1993 and 65 cases in 2011, [Figure 1C](#f1-opth-9-1129){ref-type="fig"}). Their average age gradually increased during the study period (mean age of 19.41 years old in 1993 and 24.94 years old in 2011).

Discussion
==========

Retinal detachment is a serious eye disease that impairs quality of life of the patients, and a significant increase in cases with retinal detachment in AD patients has been reported in 1990s. By advance in understanding of AD pathogenesis and improvement of therapies, prognosis of the severely involved AD patients has been improved. To know recent changes in prevalence of retinal detachment including with/without AD, we investigated the surgically treated patients with retinal detachment during these 20 years in our hospital.

Reported retinal detachment cases associated with AD are characterized with common bilateral involvement and development in the younger age compared with the cases without AD. The causative break is frequently located in the peripheral ocular fundus, with the ciliary epithelium found to be detached in many of the cases.[@b2-opth-9-1129]--[@b4-opth-9-1129],[@b11-opth-9-1129] These characteristics are also found in the present study. In addition, the present results also demonstrated that postoperative visual functions in AD patients were better than those found in the non-AD patients ([Table 2](#t2-opth-9-1129){ref-type="table"}). These findings might be resulted from younger age and higher ratio of preoperative macular attachment in the affected eyes in AD patients compared with non-AD patients. In the present data, there was no significant difference in the preoperative best-corrected visual acuity between the AD and non-AD groups in spite of higher ratio of preoperative macular attachment in the AD group. The discrepancy might be resulted from high ratio of preoperative cataract in AD patients.

In the present study, the number of retinal detachments with AD markedly varied in these 20 years. It rapidly increased from 1992 to 1993, remained same levels until 2001, and gradually decreased year by year after 2001. The annual number of the total retinal detachments showed neither particular increase nor decrease for 20 years with minimum yearly changes. Then, the rate of retinal detachments with AD in the total retinal detachments was evaluated. It increased in early 1990s and decreased in 2000s as well as the number of retinal detachments with AD. Thus, we concluded that the prevalence of retinal detachments with AD rapidly increased in early 1990s and decreased in 2000s. Cases with bilateral retinal detachment decreased in the recent 10 years, and this contributed to the decrease in the number of retinal detachments with AD in part. It is easy to suspect that bilateral involvement has resulted from severe AD inflammation on the face. Unfortunately, the disease activities of AD in these surgically treated cases have not been fully recorded. Therefore, we cannot draw any definitive conclusions about this issue.

A decrease in AD patients is a suspicious factor for the noted decreases in retinal detachment with AD. In our present data as well as in a previous study,[@b9-opth-9-1129] new AD outpatients in our dermatology clinic gradually decreased ([Figure 1C](#f1-opth-9-1129){ref-type="fig"}). It is also noteworthy that these AD outpatients were referred to our clinic mainly because of uncontrolled AD. In addition, Mie University Hospital is the only core hospital in Mie prefecture, and most refractory cases in this area have been referred to Mie University Hospital in these 20 years. Therefore, we think that the present data indicate gradual decrease in uncontrolled AD patients in Mie prefecture. Topical corticosteroid therapy is a globally accepted standard therapy. However, "steroid phobia in AD patients" prevented control of the dermatitis with insufficient therapy. Thus, the long-lasting dermatitis results in resistant and uncontrolled AD.[@b9-opth-9-1129] Unfortunately, patients with steroid phobia significantly increased from early 1990s as a social phenomenon in Japan. Around 2000, the Japanese Dermatological Association declared the definition of AD, guideline for AD diagnosis and treatment and standard therapy campaign.[@b12-opth-9-1129] Simultaneously, topical calcineurin inhibitor tacrolimus has been introduced in Japan as a new effective non-steroid and less-rosacea forming topical therapy in the end of 1999.[@b13-opth-9-1129] Additionally, a recently introduced new therapeutic strategy "proactive therapy" characterized with intermittent topical corticosteroid and/or calcineurin inhibitors associated with good skin care successfully controlled the relapse of AD.[@b14-opth-9-1129],[@b15-opth-9-1129] In 2008, systemic cyclosporine was approved for AD in Japan, and it has made resistant AD cases more controllable.[@b16-opth-9-1129] The decrease in retinal detachment with AD after 2001 and rapid fall off after 2008 might have relations to these new therapies in part. From these results, frequent rubbing of the eyes in the setting of AD might be one of the causative factors explaining a higher incidence of retinal detachment in AD patients.

Another striking change noted during the 20-year observation period was the change in age for retinal detachment with AD. During the recent 10 years, patients were found to be significantly older than those observed during the former 10 years ([Table 3](#t3-opth-9-1129){ref-type="table"}). Both the previous study[@b9-opth-9-1129] and our current data for the new AD outpatients in the dermatology clinic have shown that the age of AD patients has become older year by year. We speculate that there has been an increased onset of AD in older subjects, with this subsequently leading to the onset of retinal detachment with AD.

The present data for retinal detachment with AD during the 20-year observation period revealed no particular changes in ophthalmological manifestations of the affected eye itself, including for the type of breaks, lens status, macular status, or ciliary epithelial detachment. The present study failed to detect any improvement in the anatomical or functional results of the retinal detachment surgeries in these 20-year periods. We hope that the recent refinements in the vitrectomy system will contribute to the surgical results in future.

Conclusion
==========

The present study revealed increased retinal detachment with AD in 1990s followed by a gradual decrease in 2000s. Various factors including standard therapy for AD campaign, proactive therapy, and topical and systemic calcineurin inhibitor might contribute to good control of AD disease activities and consequent decrease in retinal detachment with AD. It is clear that further studies for ophthalmological and dermatological analysis for retinal detachment with AD in a larger scale are required.
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###### 

Preoperative characteristics of 1,643 eyes

                                   AD group                Non-AD group                 *P*-value
  -------------------------------- ----------------------- ---------------------------- -----------
  Total number                     101 eyes, 87 patients   1,542 eyes, 1,446 patients   
  Unilateral:Bilateral (patient)   73:14                   1,350:96                     0.0011
  Male:Female (patient)            56:31                   860:586                      0.4287
  Side, Right:Left (eye)           59:42                   851:691                      0.5968
  Age, year, range (mean)          12--57 (22.9)           6--91 (51.3)                 \<0.0001
  Retinal or ciliary break                                                              
  &emspPars plicata                30 (17.9%)              2 (0.1%)                     
  &emspPars plana                  29 (17.4%)              17 (0.7%)                    
  &emspOra                         49 (29.3%)              81 (3.2%)                    
  &emspTear                        32 (19.2%)              1,360 (53.4%)                
  &emspHole                        27 (16.2%)              956 (37.5%)                  
  &emspMacular hole                0 (0%)                  131 (5.1%)                   \<0.0001
  Macular, Off:On (eye)            37:64                   786:756                      0.0052
  CD (+):CD (−) (eye)              85:16                   76:1,466                     \<0.0001

**Abbreviations:** AD, atopic dermatitis; CD, detachment of ciliary epithelium.

###### 

Visual acuity before and after surgery: the comparison between AD and non-AD groups

                     Preoperative visual acuity   Postoperative visual acuity                                       
  ------------------ ---------------------------- ----------------------------- -------- ------------ ------------- --------
  20/15 to 20/25     39 (39.8%)                   555 (37.4%)                            62 (63.3%)   703 (47.4%)   
  20/30 to 20/50     21 (21.4%)                   224 (15.1%)                            20 (20.4%)   337 (22.7%)   
  20/60 to 20/200    18 (18.4%)                   226 (15.3%)                            12 (12.2%)   294 (19.8%)   
  Less than 20/200   20 (20.4%)                   478 (32.2%)                   0.1498   4 (4.1%)     149 (10.1%)   0.0002

**Abbreviation:** AD, atopic dermatitis.

###### 

Preoperative characteristics of 101 eyes

                                   Former AD group        Recent AD group        *P*-value
  -------------------------------- ---------------------- ---------------------- -----------
  Total number                     63 eyes, 49 patients   38 eyes, 38 patients   
  Unilateral:Bilateral (patient)   35:14                  38:0                   0.0002
  Male:Female (patient)            28:21                  28:10                  0.1692
  Side, Right:Left (eye)           37:26                  22:16                  0.9342
  Age, year, range (mean)          12--41 (21.2)          12--57 (25.6)          0.0084
  Retinal or ciliary break                                                       
  &emspPars plicata                22 (21.0%)             8 (13.3%)              
  &emspPars plana                  19 (18.1%)             10 (16.7%)             
  &emspOra                         34 (32.4%)             15 (25.0%)             
  &emspTear                        18 (17.1%)             14 (23.3%)             
  &emspHole                        12 (11.4%)             13 (21.7%)             0.2523
  Lens status                                                                    
  &emspCataract (−)                15 (23.8%)             7 (18.4%)              
  &emspCataract (+)                33 (52.4%)             18 (47.4%)             
  &emspAphakia                     10 (15.9%)             4 (10.5%)              
  &emspPseudophakia                5 (7.9%)               9 (23.7%)              0.1602
  Macular, Off:On (eye)            24:39                  13:25                  0.7885
  CD (+):CD (−) (eye)              53:10                  32:6                   0.9911
  RD with AD:Total RD (eye)        63:796                 38:847                 0.0038

**Abbreviations:** AD, atopic dermatitis; CD, detachment of ciliary epithelium; RD, retinal detachment.

###### 

Visual acuity before and after surgery: the comparison between former and recent AD groups

                     Preoperative visual acuity   Postoperative visual acuity                                      
  ------------------ ---------------------------- ----------------------------- -------- ------------ ------------ --------
  20/15 to 20/25     22 (36.1%)                   17 (46.0%)                             40 (65.6%)   22 (59.5%)   
  20/30 to 20/50     13 (21.3%)                   8 (21.6%)                              10 (16.4%)   10 (27.0%)   
  20/60 to 20/20     10 (16.4%)                   8 (21.6%)                              7 (11.5%)    5 (13.5%)    
  Less than 20/200   16 (26.2%)                   4 (10.8%)                     0.1952   4 (6.5%)     0 (0.0%)     0.8386

**Abbreviation:** AD, atopic dermatitis.
